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Resumen—Se analizó la producción de biodiesel por medios químicos y enzimáticos, a partir de aceite de cocina usado (ACU), evaluando 
la calidad y rendimiento del producto obtenido en cada método. Para el proceso químico se desarrolló una esterificación ácida seguida de una 
transesterificación básica (temperatura de reacción: 60 °C, relación molar aceite:metanol 1:6, concentración de catalizador KOH: 1% p/p), 
tiempos de reacción: 55 y 70 min; y la transesterificación enzimática (temperatura: 38 °C, relación molar aceite:metanol 1:3, concentración de 
catalizador enzima lipasa XX 25 split liquida: 5%), tiempos de reacción: 3 y 6 horas. Se determinó propiedades fisicoquímicas (i.e. densidad, 
viscosidad cinemática, contenido de humedad, perfil de ácidos grasos, índice de acidez, peróxidos y saponificación) de la materia prima, 
registrando presencia de ácido oleico (42.45%) y ácido palmítico (33.52%). El mejor rendimiento obtenido fue a partir de la transesterificación 
química bajo las condiciones de 60 °C, 1% KOH y 70 minutos, evidenciando un porcentaje de conversión del 96.15% y un número ácido de 
1.33 mmKOH/g, en comparación con la transesterificación enzimática que registró un alto número ácido de 6.91 mmKOH/g y porcentaje de 
conversión de 48.8% bajo las condiciones de 38 °C, 5% de enzima lipasa y 3 horas. 
Palabras clave: biodiesel, aceite de cocina usado, transesterificación enzimática, transesterificación química, metil ésteres de ácidos grasos. 
 
Abstract—The biodiesel production was analyzed by chemical and enzymatic processes, from used cooking oil (UCO), evaluating the 
quality and yield of the product obtained in each method. For the chemical process, an acid esterification followed by a basic transesterification 
was developed, (reaction temperature: 60 °C, oil:methanol 1:6 molar ratio, concentration of KOH catalyst: 1% w/w reaction times: 55 and 70 
min); and enzymatic transesterification (temperature: 38 °C, oil:methanol 1:3 molar ratio, enzyme concentration lipase XX 25 split liquid: 5%, 
reaction times: 3 and 6 hours). Physicochemical properties (i.e. density, kinematic viscosity, moisture content, fatty acid profile, percentage of 
acidity, peroxides index and saponification) of the raw material were determined. Results showed the presence of oleic acid (42.45%) and 
palmitic acid (33.52%). The highest yield obtained was from the chemical transesterification under the conditions of 60 °C, 1% KOH and 70 
min with a conversion percentage of 96.15% and an acid number of 1.33 mmKOH/g, compared to the enzymatic transesterification which 
registered a high acid number of 6.91 mmKOH/g and conversion percentage of 48.81% under the conditions of 38 °C, 5% of enzyme lipase and 
3 hours. 
Keywords: Biodiesel, used cooking oil, enzymatic transesterification, chemical transesterification, fatty acid methyl ester. 
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I. INTRODUCTION 
 
The Paris Agreement carried out within the framework of the XXI 
Conference on Climate Change (COP 21), aimed to confront climate 
change by maintaining the increase in global average temperature 
below 2 °C [1]. Therefore, Colombia assumed the commitment to 
reduce greenhouse gas (GHG) emissions by 20%, although the 
national territory is only responsible for 0.4% of GHG emissions 
worldwide [1], [2]. The sector being forestry has the highest gross 
emissions in the country (36%), with deforestation as the primary 
source (98%), and the transport sector the fourth generator of 
emissions at the national level, of which more than 90% is due to the 
energy use of fossil fuels [2]. In 2017, the Colombian government 
increased its biodiesel-based palm oil by 3% compared to the previous 
year, amounting to 545 million liters. In Colombia, exist eight 
biodiesel production plants that use palm oil as raw material; however, 
only one of them has started to produce small amounts of biodiesel 
from used cooking oil (UCO) [3]. 
 
Colombia is the largest Latin American producer of palm oil and 
the fourth in the world [4]. Hence, it is the primary source for the 
production of first generation biodiesel, although this affects the food 
supply since it compromises land extensions to provide cultivation 
areas that will be used in the generation of biofuel; which causes 
degradation of the soil and increases the prices of agricultural foods 
such as palm oil, by reducing the production of these [5]. As a result 
of this problem, the UCO has become in recent years an attractive raw 
material for the biodiesel production, due to its low cost  and its 
capabilities for the reduction of the negative environmental impact 
caused by its inadequate disposal, which is already regulated by the 
Colombian government by the resolution 316 of 2018 [6]. Therefore, 
the production of biodiesel from UCO is a promising alternative. 
Considering the various investigations that have been carried out using 
the used cooking oil applying chemical transesterification for the 
production of biodiesel [7] - [11]. In this study, the production of 
biodiesel from used cooking oil was analyzed under chemical and 
enzymatic processes to determine the optimal operating conditions to 
produce a good quality biofuel that accomplish the standards of EN 
14214 [12]. 
 
 
II. THEORETICAL FRAMEWORK 
 
The production of biodiesel from used cooking oil happens in 
three stages: adequacy, transesterification and purification. In Figure 
1, each of the stages is evidenced in the process of obtaining the 
biofuel from UCO. 
 
Adequacy. One of the disadvantages of using the UCO in the 
production of biodiesel is the presence of unwanted material, mainly 
Free Fatty Acids (FFA), solid impurities and water. The UCO must 
undergo a process of degumming, refining, filtering, neutralizing and 
drying, to reduce the content of FFA and impurities that can cause 
breakdowns in the equipment and devices of the biodiesel production 
process [13] and also to comply with the quality parameters required 
in norm EN 14214 [12]. 
 
For the reduction of the FFA in the used oil, several techniques 
have been studied, such as esterification with methanol and sulfuric 
acid, as a catalyst; esterification with ion exchange resins; the 
neutralization with alkalis followed by the separation of soap; and 
extraction with polar liquids together with acid esterification and 
distillation of FFA [14]. 
 
In the case of water, its presence leads to hydrolysis, resulting in a 
high content of FFA leading to saponification [14], which adversely 
affects the conversion of biodiesel and can completely inhibit the 
transesterification reaction [15]. To remove the high-water content the 
sample is heated above 100 °C; at industrial scale, vacuum distillation 
(0.05 bar) is used. To remove solids in suspension, it is washed with 
hot water or a centrifugation and filtration is carried out [14]. In 
addition, several pre-treatments have been implemented for oil 
purification before transesterification, such as: steam injection, 
column chromatography, neutralization, evaporation of film vacuum 
and vacuum filtration [16]. 
 
Transesterification. It is a catalyzed reaction of vegetable oils in 
the presence of alcohol to produce biodiesel and glycerol, as a by-
product. The process consists of a sequence of three reversible 
reactions, where the triglycerides of the oil are converted into 
diglycerides, these in turn, into monoglycerides that are ultimately 
transformed into glycerol. At each stage of the reaction an ester is 
produced, such that three ester molecules of a triglyceride molecule 
are generated [15]. 
 
To achieve a complete reaction and a high conversion to methyl 
esters, a 3:1 molar ratio of alcohol to triglycerides is required, 
maintaining an excess of alcohol so that the reaction does not reverse, 
in addition to the presence of a catalyst to improve the reaction rate 
[16]. Homogeneous catalysts (e.g. acids and alkalis) and 
heterogeneous catalysts (e.g. acids, alkalis and enzymes) can be used. 
However, it has been shown that acid and alkaline transesterification 
processes are faster, and cost less than processes catalyzed by enzymes 
[14]. Using alkaline catalysts has certain advantages in the production 
process according to [13]: decreased complexity by requiring less 
demanding operating conditions than when acid catalysts are used, 
require low concentrations (0.5 to 1% w/w) to achieve high yields of 
alkyl esters (94 to 99%); short reaction times (less than 1 hour) and 
low excess alcohol and moderate temperature and pressure conditions 
(close to the boiling point of the alcohol used). Sodium and potassium 
hydroxide are the most commonly used alkaline catalysts on an 
industrial scale due to their greater availability, low cost and ease 
handling [15]. 
 
However, the use of this type of catalysts is difficult when the 
content of FFA in the feedstock is very high [14]; although the high 
acidity of the oil can be counteracted by adding an excess of catalyst 
[15]. For all the above, to achieve high yields with this type of catalysts 
should be used raw materials with a moisture content less than 0.05% 
and FFA content less than 0.5% [15]. If these conditions are not met, 
transesterification in two stages is recommended, separately handling 
acidic and alkaline catalysts. The first stage consists of a catalysis with 
sulfuric acid or ferric sulfate to carry out the esterification of the fatty 
acids, while in the second stage an alkaline catalyst is used for the 
transesterification of the triglycerides, considering that the catalysts 
must be eliminated after each stage. In other investigations, alkaline 
catalysis followed by acid catalysis was first performed, obtaining a 
reduction in the time of the process and the concentration of the 
catalyst [14]. 
 
In the enzymatic catalysis, the use of biocatalysts has advantages 
over the mentioned catalysts, since they are more selective, 
biodegradable, less toxic and react at lower temperatures [15]. Lipases 
are the enzymes most used in the production of biodiesel from UCO 
since they convert all fatty acids into methyl esters of fatty acids. In 
addition, when used in the transesterification process, glycerol and 
biodiesel can be easily recovered and with a low level of impurities; 
in addition, the moisture content in the UCO is tolerated by the lipase, 
resulting in high biodiesel conversions at low temperature and 
pressure conditions in the reaction [14]. 
 
However, the biocatalyst has limitations when it comes into 
contact with a large amount of alcohol, since the active centers of 
lipases admit it as a substrate, causing loss in its catalytic activity. It 
has been reported that the presence of phospholipids in the feedstock 
and certain glycerin residues, formed as the process proceeds, are 
responsible for the inactivation of the enzyme [15]. Similarly, in 
enzymatic catalysis, high temperatures affect the process, to the point 
of denaturing the enzyme, with the recommended temperature range 
being between 35-50 °C [17]. The reaction time must be longer, 
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compared to chemical catalysis, in order to reach high yields of Fatty 
Acid Methyl Ester (FAME). 
 
Purification. After the UCO conversion reaction, it is possible to 
find unreacted tri, di and monoglycerides, methanol, catalyst residues, 
glycerin, water and soap [13]. In most cases, the phases are separated 
by decantation. However, impurities in the raw material can cause the 
formation of emulsions that interfere in the separation, requiring the 
application of saturated salt (sodium chloride) or centrifugation to 
break such emulsions and achieve separation [16]. If the biodiesel is 
obtained by alkaline catalysis, the unreacted catalyst is neutralized 
using, in general, phosphoric acid, producing phosphate salts that are 
removed from the biodiesel and that can be used as fertilizers [4]; even 
so, biodiesel presents alcohol in excess, the process most used for its 
removal is evaporation, followed by vacuum distillation to eliminate 
other waste. The biodiesel is washed with water at different 
temperatures, ending when it is neutral, then the biodiesel is dried by 
heating, being common to reach 110 °C in an open container, until no 
water vapor is detected [16]. Certain chemical products are also used, 
such as magnesium powder silicate (i.e. Magnesol®), dry cleaning 
with this product replaces the use of water and has the advantage of 
serving as an organic fertilizer after use [18]. This stage of dry washing 
uses 2% (w/w) magnesium silicate at a temperature of 100 °C, for 20 
min, with a stirring speed of 160 rpm [4] 
 
After the purification of the biodiesel, the conditioning of the 
obtained glycerol is carried out, using phosphoric acid, which reacts 
with the residual alkaline catalyst and the soaps that were formed 
during the transesterification process. As a result, fatty acids, 
phosphates or salts and glycerin are generated that must be purified 
before being commercialized. During this process water and alcohol 
are removed by means of vacuum distillation to obtain concentrated 
glycerin at 85% or higher [13].  
 
Figure 1: Diagram of chemical and enzymatic production process of biodiesel from UCO. 
Source: Self-elaboration 
 
 
III. METHODOLOGY 
 
Physicochemical properties of the feedstock. UCO was 
collected in a restaurant in the city of Cúcuta. The oil was filtered in 
order to remove sediments (i.e. food residues, emulsions) which could 
interfere with the development of transesterification reactions. 
Analyses were developed to determine the quality of the UCO such as 
density, refraction index, moisture content [19], kinematic viscosity, 
the percentage of acidity [20], peroxide index [21], saponification 
value [22] and fatty acid profile [23]. 
 
Production of biodiesel from UCO 
 
Chemical transesterification. The chemical conversion of the 
UCO to biodiesel was developed at lab-scale with an oil volume of 
500 ml. As a primary step, the amount of free fatty acids (FFA) were 
reduced. In order to achieve the latter, the oil volume was mixed with 
methanol (molar ratio 1:6, oil:alcohol) and sulfuric acid (H2SO4, 1% 
w/w). The reaction took place under 60 °C and 200 rpm for 60 min. 
The obtained sample was subjected to a chemical transesterification 
for conversion to methyl esters of fatty acids. The sample was mixed 
with methanol (molar ratio 1:6, oil:alcohol) in the presence of 1% 
(w/w) potassium hydroxide (KOH) at 60°C and 200 rpm.  The 
influence of reaction time on the yield of biodiesel was evaluated with 
two different experiments: 55 and 70 min (Q1 and Q2). 
 
Enzymatic Transesterification. Due to the ability of enzymatic 
transesterification to not be affected by the presence of FFA, there was 
no need to reduce its concentration on the oil sample. 500 ml of oil 
was mixed with methanol (molar ratio 1:3, oil:alcohol) and 5% of 
lipase XX 25 split (enzymatic catalyst), the process was carried out at 
38 °C to prevent the inactivation of the enzyme. After adding the 
enzyme, the mixture was homogenized for 15 min prior to adding the 
alcohol. The reaction times of 3 and 6 hours (E1 and E2) were applied 
to evaluate the most favourable condition in the production of methyl 
esters of fatty acids. After complete reaction time, the product obtained 
was subjected to a process of heating to a temperature of 70 °C for 15 
min in order to inactivate the enzyme, taking advantage that its 
inhibition occurs at temperatures over 35-50 °C [24]. 
 
Purification of the obtained biodiesel. The resulting mixture was 
separated by decantation (12 hours) in which the formation of two 
phases was identified: the upper one, which was biodiesel and the 
lower one corresponding to glycerol. The biodiesel obtained by the 
chemical process was subjected to neutralization to counteract the 
excess of the catalyst that did not react; this process was carried out 
using phosphoric acid (H3PO4) at 60 °C for 15 min. Then, five spray 
washes were carried out with 100 ml of distilled water, applying 
decantation times of 15 min for each wash and 12 hours for the last 
wash, this protocol allowed the dragging off particles to the bottom 
(remains of catalyst) contributing to the biodiesel conforming to the 
quality standards required by EN 14214 standard [12]. Finally, the 
obtained product was taken to an R-210/215 rotavapor to recover the 
water and the residual methanol from the process. 
 
Characterization of the obtained product. In order to compare 
the properties and quality of the obtained biodiesel, the samples were 
compared according to standard EN 14214 [12]. In the 
physicochemical characterization, some previously evaluated 
parameters were taken into account in the raw material (i.e. density, 
kinematic viscosity, moisture content and refraction index), additional 
parameters were also studied (i.e. flash point [25], acid number [26], 
copper strip corrosion [27], and ester content [28]). 
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IV. IV RESULTADOS 
 
Physicochemical properties of the feedstock. The UCO 
presented characteristic organoleptic properties of a burned oil such as 
dark colour and strong odour; also, a dense and viscous phase with a 
lighter colour was identified. The oil presented a percentage of acidity 
of 2.572%, which is below to those used by [7] and [29] (with 3.243% 
and 9.193%, respectively). This is an important parameter to define if 
the production process takes place in two stages (esterification and 
transesterification) [9], which for the enzymatic process is not 
necessary to consider since the high content of FFA in the oil does not 
promote the formation of soap and are immediately converted into 
methyl esters of fatty acids [17]. The oil sample presented low 
moisture content (0.055%), is lower than that reported in other 
investigations such as [30] and [29] that obtained 1.34% and 0.1046%, 
respectively. This low moisture content makes it an optimal parameter 
for the performance of chemical transesterification as shown by [14], 
who recommends working with a moisture percentage lower than 
0.5% in the production of biodiesel.  
 
The oil has a density (0.962 g/cm3) similar to that reported by the 
investigations of [31] and [30] with 0.924 g/cm3 and 0.93 g/cm3 
respectively. However, the value obtained is high taking into account 
the density reported by [32] of 0.887 g/cm3 for used vegetable oil. The 
studies of [33] and [34] report values of kinematic viscosity, below 
that obtained in the present investigation being 52.892 mm2/s, with an 
average value of 9.12 mm2/s and 49.04 mm2/s, respectively. However, 
the viscosity is lower compared to the 131.5934 mm2/s reported by [9]. 
The peroxide value obtained was 12.505 meqO2/g, which is higher 
than 10.448 meqO2/g reported by [35] and with 2.561 meqO2/g 
obtained by [36] for fat chicken residues. The saponification index 
found was 174.686 mgKOH/g, being below the 201.5 mgKOH/g 
obtained by [29] and higher than 172.65 mgKOH/g reported by [30]. 
Concerning the refraction index of 1.462 [7] reported a similar value 
of 1.461 for frying oil; this property is characteristic for each type of 
oil because it indicates the degree of unsaturation of the fatty acids by 
the oxidation action of the oils [8]. 
 
The sample of UCO showed a high concentration of oleic and 
palmitic acid (42.45% and 33.52%). In addition, there was a small 
percentage of stearic acid (7.44%), being the main fatty acids that 
represent 83.41% of all the sample; 16.59% of the remaining 
percentage is distributed in small contents of various acids such as 
myristic, palmitoleic and lauric acids. This profile of fatty acids is 
similar to the mixture of palm oil and soybean characterized by [37], 
where the predominant acids are oleic acid and palmitic acid with a 
content of 39.9% and 35.8%, respectively. 
 
Physicochemical properties of the product obtained  
 
Biodiesel obtained by chemical process. In Table 1, the 
parameters of density, kinematic viscosity and refraction index of the 
product obtained are presented. Data showed a decrease in their value 
compared to the results obtained in the physicochemical 
characterization of the UCO. This behaviour is consistently similar to 
the results presented by [38], which obtained a density lower than 
0.899 g/cm3 and a similar viscosity of 9.5 mm2/s. As stated by [10] 
and [24], variations in these parameters indicate the conversion of Free 
Fatty acids into methyl esters, which is confirmed by the change in 
properties after the transesterification reaction. The moisture content 
in the sample increased in comparison to the UCO, which indicates 
that the water used in the washing process was not entirely removed 
from the product. Something similar happened in the research carried 
out by [29], where the biodiesel obtained had an increase in water 
content, reporting 0.516%, a value slightly higher than that obtained 
in this study. In [16] a flashpoint of 171 °C was found, being below 
the value determined in the two biodiesel samples of the present work, 
which comply with the minimum quantity established by the quality 
standards. Concerning the acid number, the best value obtained was 
that of the biodiesel produced in the Q2 treatment. However, the two 
samples produced do not comply with the standards required by the 
European standard. The result reported in this study is greater than the 
acid number found in other investigations that used the same raw 
material from chemical processes [14], [31], [32]. However, the acid 
number value obtained by [10] of 1.7 mgKOH/g is more significant 
than calculated in this study. This result can be attributed to the 
incorrect neutralization stage, or the type of washing agent used, as 
shown [8] who obtained the best values when performing the washing 
of biodiesel with acetic acid. In the characterization of the product, 
only the flash point and copper strip corrosion comply the quality 
standards of EN 14214 [12]. 
 
Biodiesel production by enzymatic process. The biodiesel 
obtained did not show changes in its properties compared to those that 
had been registered for the UCO. As shown in Table 1, the density and 
refraction index were similar to those of the raw material, indicating 
that the conversion in methyl esters of fatty acids was not carried out 
under the operating conditions developed (E1 and E2). A difference of 
what reports [39] where the density value of the biodiesel obtained by 
cooking oil used from the immobilization of the Rhizopus Oryzae 
lipase was 0.89 g/cm3. The kinematic viscosity showed no change 
after the reaction, similar to the study carried out by [32] with oil used 
in an acid-base process, where FFA and triglycerides were found that 
did not change. Copper strip corrosion is below the maximum value 
required by the quality standards for biodiesel, which leads to this 
property along with the flashpoint are the only ones that comply the 
standards of EN 14214 [12]. A high acid number was obtained, which 
indicates that there was an increase in FFA in the sample because the 
enzyme developed three reactions in parallel (e.g. hydrolysis, 
esterification and transesterification). The enzyme at the time of the 
esterification of the FFA caused that small amounts of methyl esters 
were produced together with water, this reacted with the triglycerides 
that had not yet been transformed in the oil generating more FFA and 
glycerol. Which in turn produced a slow process and less effective, 
since in some cases excess water acts as a competitive inhibitor of 
lipase [40]. 
 
In Table 1, the ester content of the biodiesel samples obtained for 
each developed process is presented. The chemical transesterification 
test that showed the highest ester content was Q2 (Temperature: 60 
°C, 1% KOH, molar ratio 1:6 oil-methanol, 70 min) with 96.15%, 
obtaining the best performance in comparison with the values obtained 
for biodiesel produced by enzymatic transesterification which were 
48.81% and 47.53%. However, the two samples of biodiesel produced 
by chemical catalysis do not reach the minimum percentage of esters 
established by the standard EN 14214 [12]. 
 
Table 1: Characterization of the biodiesel obtained. 
Parameter 
Treatment EN 
14214 
[12] Q1 Q2 E1 E2 
Density at 25 °C 
(g/cm3) 
0.918 0.920 0.963 0.964 
0.86-
0.9 
Moisture 
content (%) 
0.449 0.387 0.421 0.359 
500 
mg/kg 
Refraction 
index 
1.4462 1.4425 1.4631 1.4632 - 
Kinematic 
viscosity 
(mm2/s) 
9.303 9.483 50.538 50.710 3,5 – 5 
Flashpoint (°C) 178.4 174.1 > 200 > 200 
101 
Mín. 
Copper strip 
corrosion 
1a 1a 1a 1a 
N° 1 
Mín. 
Acid number 
(mgKOH/g) 
1.582 1.327 7.453 7.645 
0.5 
Máx. 
Ester content 
(%) 
94.21 96.15 48.81 47.53 
96.5 
Min 
Source: Self-elaboration. 
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As shown in Figure 2, the biodiesel obtained by [8], who worked 
an alkaline transesterification with sodium hydroxide (NaOH) 
reported 96.41% of ester content, being a value similar to the best 
percentage obtained in the present study. The study carried out by [9] 
reports the lowest content of 77.6% when using cooking oil used in an 
alkaline transesterification with KOH and methanol. The work 
developed by [38] with a content of esters between 91-92% when 
using methanol and 0.75% KOH in an alkaline transesterification. The 
biodiesel produced by [7] obtained the highest content of esters in a 
99.16% exceeding the quality standards when working with residual 
oil from an alkaline transesterification with NaOH and methanol, 
under a subcritical reaction temperature range (160-200 °C). The 
product obtained by [10] complied with the ester content, reporting a 
percentage of 98.82% when working with domestic oil residues 
through a chemical transesterification using KOH and ethanol. For the 
production of biodiesel from enzymatic transesterification is the work 
carried out by [39], which used Rhizopus Oryzae immobilized lipase 
from used cooking oil, obtaining an ester content between 88-90%. 
Only biodiesel obtained from a mixture of residual frying oil with 
canola oil complies with the standard, reporting 97.8%, using 15% of 
immobilized enzyme Novozym 435 and applying long reaction 
periods that exceed 48 hours [40]. 
 
 
Figure 2: Analysis of ester content 
Source: Self-elaboration based on contributions from [7], [8], [9], [10] [38], 
[39], [40]. 
 
 
V. SOLUTION PROPOSAL 
 
The production of biodiesel is a viable alternative for reducing the 
dependence on fossil fuels in the transport sector, minimizing air 
pollution caused by greenhouse gas emissions. Additionally, it is 
positioned as a favorable option for the sustainable use of the UCO, 
proposing a solution to the environmental problems generated by the 
incorrect final disposition of this agroindustrial waste in the 
environment; it has been estimated that each liter of UCO that is 
thrown into the water sources causes the contamination of 1000 liters 
of water [41]. Considering the UCO volumes generated in the country 
(60 million liters per year), the negative environmental impact is of 
great proportions and to avoid it as much as possible constitutes a 
mitigating action. 
 
Regarding the environmental benefits of the use of biofuels, such 
as ethanol and biodiesel, there is a reduction of GHG emissions by 12 
and 41%, respectively, in relation to fuels [42], [43]. Thus, [44] and 
[45] they obtain that the emissions of carbon monoxide (CO) and 
carbon dioxide (CO2) decrease when using biodiesel-diesel mixtures, 
due to the oxygen content in the biodiesel (11%) and the increase of 
the engine speed during combustion. Similarly, [46] show that CO 
emissions decrease by 30% when using a B25 mixture (i.e. 25% 
biodiesel-75% diesel, w/w), related to the increase in the amount of 
methyl esters in it biofuel. 
 
In the investigation of [47] it is found that the specific 
consumption of the fuel is reduced by using biodiesel mixtures from 
vegetable sources other than palm oil, with conventional diesel, 
reporting a lower consumption of this in D80/H20 mixtures (80% 
diesel with 20% biodiesel from castor oil) and D80/P10/AFU10 (80% 
diesel with 10% biodiesel from palm oil and 10% biodiesel from used 
frying oil). Regarding the composition of the combustion gases, [48] 
showed that the mixture of diesel by 70% together with biodiesel 
produced by palm oil (7.5%), castor oil (7.5%) and used frying oil 
(15%) has a better combustion than the B30 mixture (70% Diesel, 30% 
Palm oil biodiesel) since it shows an increase in CO2 production and 
a large decrease in CO. Finally, several studies indicate that the use of 
biofuels significantly reduces the emissions of particulate matter 
(PM), hydrocarbons (HC) and nitrogen oxides (NOx), compared to 
conventional diesel [42], [49], [50]. 
 
In order to identify the impact of biodiesel from UCO in air, Figure 
3 shows Ramírez's study [51], which evaluated the emissions of CO, 
NOx and sulfur dioxide (SO2) generated when using different 
biodiesel-diesel blends, in a 1600 cc four-cylinder diesel engine 
operating at a speed of 2000 rpm and with the biodiesel obtained from 
the UCO. As for the CO, it can be seen that its concentration decreases 
by 14 ppm when using a B100 mixture (ie 100% biodiesel) with 
respect to the B0 mixture (ie 0% biodiesel - 100% diesel), which is 
due to the quality of biodiesel, since a high content of esters ensures a 
decrease in CO generation [52]. 
 
Figure 3: Emission of gases by biodiesel-diesel mixture 
Source: Adapted from [53]. 
 
 
On the other hand, NOx emissions increase with the use of 
biodiesel (B100) compared to pure diesel (B0). This result is 
consistent with the literature, which indicates that the use of biodiesel 
generates higher NOx emissions, despite its high cetane index [53], 
[54], because the NOx emissions in fuels are due to the presence of 
oxygen in its molecular structure or to a high degree of instauration in 
biodiesel [45]. This oxygen improves the oxidation of the fuel during 
combustion, which results in higher local temperatures, generating an 
increase in NOx emissions by a thermal formation mechanism [53], 
[55], [56]. 
 
Regarding SO2 emissions, they decrease when the percentage of 
biodiesel in the mixture increases, with a minimum value (i.e. 7 ppm) 
for pure biodiesel (B100), unlike the pure diesel that generated 17 
ppm. However, Ramírez [51] assures that the presence of SO2 in these 
mixtures is not to be expected, since it is assumed that biodiesel has a 
low sulfur content but could be affected by the frying of food in the 
oil. 
 
 
VI. CONCLUSIONS 
 
The biodiesel obtained by the chemical process presented the 
highest conversion percentages (96.15%) without complying with the 
quality standard (96.5%). This is probably due to the quality of the 
sample of oil collected and that the residues of FFA were not removed 
in the biodiesel purification, which led to a decrease in the yield of the 
product obtained. It was evidenced that enzymatic transesterification 
was incompletely developed, the enzyme presented an interruption of 
its catalytic activity, so the operating variables studied are not optimal 
to work with this type of raw material. Therefore, it is necessary that 
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the UCO be subjected to a more efficient pre-treatment, establishing a 
better filtering process and optimizing the biodiesel purification 
process applying a better drying system. Biodiesel obtained by not 
complying with quality standard cannot be used as a biofuel in the 
automotive sector, however, its application in another sector such as 
electricity can be studied, where it can be adapted for its 
implementation as a fuel for power plants in the generation of energy 
in some areas not interconnected to the national electricity system. 
 
 
VII. ACKNOWLEDGMENTS 
 
Gratitude is expressed to Universidad de Santander and to 
Universidad Francisco de Paula Santander for the financial support for 
the development of this research. Likewise, we thank the Governor’s 
office in Norte de Santander and COLCIENCIAS for the scholarship 
granted National PhD modality. 
 
 
VIII. REFERENCES 
 
[1]  The United Nations (UN), "Paris Agreement Spanish," 2015. 
[Online]. Available: 
https://unfccc.int/sites/default/files/spanish_paris_agreement.p
df. [Accessed Octubre 2018]. 
[2]  IDEAM, PNUD, MADS, DNP, "Inventario nacional y 
departamental de gases efecto invernadero.," DNP-MADS, 
Bogotá, 2016. 
[3]  Global Agricultural Information Network, "Colombia Biofuels 
Annual 2018," 2018. [Online]. Available: 
https://gain.fas.usda.gov/Recent%20GAIN%20Publications/B
iofuels%20Annual_Bogota_Colombia_7-6-2018.pdf. 
[Accessed Octubre 2018]. 
[4]  J. C. Acevedo, J. A. Hernández, C. F. Valdés and S. K. Khanal, 
"Analysis of operating costs for producing biodiesel from palm 
oil at pilot-scale in Colombia," Bioresource Technology, vol. 
188, pp. 117-123, Julio 2015.  
[5]  H. García and L. Calderón, "Evaluación de la política de 
Biocombustibles en Colombia.," 2012. [Online]. Available: 
http://www.fedesarrollo.org.co/wp-
content/uploads/2011/08/Evaluaci%C3%B3n-de-la-
pol%C3%ADtica-de-Biocombustibles-en-Colombia.pdf. 
[Accessed 2018]. 
[6]  Ministerio de Ambiente y Desarrollo Sostenible, Resolución 
316, Bogotá: MADS, 2018.  
[7]  H. Sanaguano , "Conversión de los aceites residuales de la 
industria de alimentos en biodiesel," Universidad Nacional 
Mayor de San Marcos, Perú, 2018. 
[8]  Bulla E, "Diseño del proceso de producción de biodiesel a partir 
de aceites de fritura," Universidad Nacional de Colombia, 
Bogotá, 2014. 
[9]  L. López , J. Bocanegra and D. Malagón-Romero, "Obtención 
de biodiesel por transesterificación de aceite de cocina usado," 
ngeniería y Universidad, vol. 19, no. 1, pp. 155-172, 2015.  
[10]  J. C. Cedrón, A. Moncada and P. Mendoza , "Análisis de 
biodiesel preparado a partir de residuos de aceite doméstico, 
mediante RMN," Revista de la Sociedad Química del Perú, vol. 
80, no. 1, pp. 3-8, 2014.  
[11]  A. N. Phan and T. M. Phan, "Biodiesel production from waste 
cooking oils.," Fuel , vol. 8, pp. 3490-96, 2008.  
[12]  European Committee for Standardization (CEN), "Fatty acid 
methyl esters (FAME) for use in diesel engines and heating 
applications - Requirements and test methods, European 
Standards, EN 14214," CEN, Belgium, 2014. 
[13]  J. Lombana Coy , J. Vega Jurado , E. Britton Acevedo and S. 
Herrera Velásquez, Análisis del sector de biodiésel en 
Colombia y su cadena de suministro, Barranquilla, Colombia: 
Editorial Universidad del Norte, 2015.  
[14]  Z. Yaakob, M. Alherbawi, M. Mohammad, Z. Alam and K. 
Sopian, "Overview of the production of biodiésel from Waste 
cooking oil," Renewable and Sustainable Energy Reviews, vol. 
18, pp. 184-193, 2013.  
[15]  P. N. Benjumea, J. R. Agudelo and L. A. Ríos, Biodiésel: 
Producción, calidad y caracterización, Medellín, Colombia: 
Editorial Universidad de Antioquía y Grupo de Manejo 
Eficiente de la Energía,, 2009.  
[16]  C. C. Enweremadu and M. M. Mbarawa , "Technical aspects of 
production and analysis of biodiesel from used cooking oil," 
Renewable and Sustainable Energy Reviews, vol. 13, pp. 2205-
24, 2009.  
[17]  A. F. Rojas, E. Girón and H. G. Torres, "Variables de operación 
en el proceso de transesterificación de aceites vegetales: una 
revisión - catálisis enzimática," Ingeniería e Investigación, vol. 
30, no. 1, p. 17–21, 2010.  
[18]  M. Berrios and R. L. Skelton, "Comparison of purification 
methods for biodiésel," Chem. Eng. J., vol. 144, no. 3, p. 459–
465, 2008.  
[19]  Instituto Colombiano de Normas Técnicas y Certificación 
(ICONTEC) , "Grasas y aceites animales y vegetales. 
Determinación del contenido de humedad y materia volátil, 
Norma Técnica Colombiana, NTC 287," ICONTEC, 
Colombia, 2002. 
[20]  Instituto Colombiano de Normas Técnicas y Certificación 
(ICONTEC), "Grasas y aceites vegetales y animales. 
Determinación del índice de acidez y de la acidez, Norma 
Técnica Colombiana, NTC 2018," INCONTEC, Colombia, 
2011. 
[21]  Instituto Colombiano de Normas Técnicas y Certificación 
(ICONTEC) , "Grasas y aceites vegetales y animales. 
Determinación del índice de peróxido, Norma Técnica 
Colombiana, NTC 236," ICONTEC, Colombia, 2011 . 
[22]  Instituto Colombiano de Normas Técnicas y Certificación 
(ICONTEC) , "Grasas y aceites animales y vegetales. 
Determinación del índice de saponificación, Norma Técnica 
Colombiana, NTC 335," INCONTEC, Colombia, 1998. 
[23]  Instituto Colombiano de Normas Técnicas y Certificación 
(ICONTEC) , "Grasas y aceites animales y vegetales. 
Cromatografía de gases de esteres metílicos de ácidos grasos. 
Parte 2: preparación de esteres metílicos de ácidos grasos, 
Norma Técnica Colombiana, NTC 4967," ICONTEC, 
Colombia, 2014. 
[24]  I. E. García and Y. Rangel , "Diseño de un proceso de 
transesterificación enzimática para la obtención de biodiesel 
utilizando aceite de microalgas sintético," Universidad 
Francisco de Paula Santander), San José de Cúcuta, 2015. 
[25]  American Society for Testing and Materials (ASTM), 
"Standard Test Method for Flash and Fire Points by Cleveland 
Open Cup Tester, ASTM D92-18," ASTM, USA, 2018. 
[26]  American Society for Testing and Materials (ASTM), 
"Standard Test Method for Acid Number of Petroleum 
Products by Potentiometric Titration, ASTM D664-17a," 
ASTM, USA, 2017. 
[27]  American Society for Testing and Materials (ASTM) , 
"Standard Test Method for Corrosiveness to Copper from 
Petroleum Products by Copper Strip Test, ASTM D130-18," 
ASTM, USA, 2018. 
[28]  European Committee for Standardization (CEN) , "Fat and oil 
derivatives - Fatty Acid Methyl Esters (FAME) - Determination 
of ester and linolenic acid methyl ester contents, European 
Standards, EN 14103," European Committee for 
Standardization, Belgium, 2015. 
Estudio de la producción de biodiesel por procesos químicos y enzimáticos a partir de aceite de cocina usado 
26 
Aibi revista de investigación, administración e ingeniería. Volumen 7, Número 2, Julio - Diciembre de 2019, ISSN 2346-030X PP 20-25. 
[29]  B. Murcia , M. Andredy , W. Rodríguez, E. Alvarado and L. 
Chaves, "Caracterización de biodiesel obtenido de aceite 
residual de cocina," Revista Colombiana de Biotecnología, vol. 
15, no. 1, pp. 61-70, 2013.  
[30]  D. Casallas , E. Carvajal , E. Mahecha, C. Castrillón, H. Gómez 
, C. López and D. Malagón-Romero , "Pre-treatment of Waste 
Cooking Oils for Biodiesel Production," 2018. [Online]. 
Available: 
https://www.aidic.it/iconbm2018/programma/157casallas.pdf. 
[Accessed Octubre 2018]. 
[31]  M. Medina , Y. Ospino and L. Tejeda , "Esterificación y 
transesterificación de aceites residuales para obtener biodiesel," 
Luna Azul, no. 40, pp. 25-34, 2015.  
[32]  J. Zelaya , "Evaluación de materiales vegetales y residuales 
oleaginosos para la producción de biodiesel en El Salvador," 
Universidad de El Salvador, El Salvador:, 2007. 
[33]  M. Cifuentes , "2010 Obtención de Biodiesel a partir de aceite 
usado de cocina por transesterificación en dos etapas, con dos 
tipos de alcoholes," Universidad Libre de Colombia, Bogotá 
D.C, 2010. 
[34]  E. Abularach Asbun and D. Amurrio Derpic , "Obtención de 
biodiesel a partir de aceite desechado de frituras," Acta Nova , 
vol. 4, no. 4, pp. 514-534, 2010.  
[35]  J. Herrera and A. Vélez , "Caracterización y aprovechamiento 
del aceite residual de frituras para la obtención de un 
combustible (biodiesel," Universidad Tecnológica de Pereira, 
Pereira, 2008. 
[36]  C. Galeano and E. Guapacha , "Aprovechamiento y 
caracterización de los residuos grasos del pollo para la 
producción de un biocombustible (Biodiesel)," Universidad 
Tecnológica de Pereira, Pereira, 2011. 
[37]  B. Gómez and L. Cardona , "Composición de ácidos grasos en 
algunos alimentos fritos y aceites de fritura y factores 
relacionados, en un sector universitario de Medellín-
Colombia," Perspectivas en nutrición humana, vol. 16, no. 2, p. 
159–174, 2014.  
[38]  E. P. Mamani, "Obtención y caracterización de biodiesel a 
partir de desechos de aceite de la cocina del comedor 
universitario de la UNJBG, mediante transesterificación 
alcalina," Universidad Nacional Jorge Brasadre Grohmann de 
Tacna, Tacna, Perú, 2017. 
[39]  G. Chen , M. Ying and W. Li , "Enzymatic Conversion of 
Waste Cooking Oils Into Alternative Fuel-Biodiesel," Applied 
Biochemistry and Biotechnology, Vols. 129-132, pp. 911-21, 
2006.  
[40]  L. Azócar, "Proceso enzimático para la producción de metil 
ésteres de ácidos grasos utilizando aceites residuales de fritura 
en mezcla con aceite de raps como materia prima," Temuco, 
Universidad de la Frontera, 2011. 
[41]  Revista Semana Sostenible, "¿Cómo y Por qué Deshacerse del 
Aceite de Cocina Usado?," 2017. [Online]. Available: 
https://sostenibilidad.semana.com/impacto/articulo/aceite-de-
cocina-usado-como-botarlo-y-reciclarlo-en-colombia/38474. 
[Accessed 14 Mayo 2019]. 
[42]  M. M. Hasan and M. M. Rahman, "Performance and emission 
characteristics of biodiésel-diesel blend and environmental and 
economic impacts of biodiésel production: A review," 
Renewable and Sustainable Energy Reviews, vol. 74, pp. 938-
48, 2017.  
[43]  J. Hill, E. Nelson, D. Tilman, S. Polansky and D. Tiffany, "J. 
Hill et al., Environmental, economic, and energetic costs and 
benefits of biodiésel and ethanol biofuels," Proceedings of the 
National Academy of Sciences USA, vol. 103, no. 30, pp. 
11206-10, 2006.  
[44]  M. Nurun Nabi, A. Zare, F. M. Hossain , Z. D. Ristovski and 
R. J. Brow, "Reductions in diesel emissions including PM and 
PN emissions with diesel-biodiésel blends," Journal of Cleaner 
Production, vol. 166, pp. 860-68, 2017.  
[45]  F. Sundus, M. Fazal and H. Masjuki, "Tribology with biodiésel: 
A study on enhancing biodiésel stability and its fuel 
properties," Renewable and Sustainable Energy Reviews, vol. 
70, pp. 399-412, 2017.  
[46]  H. Zhang , K. T. Magara-Gomez, M. R. Olson, T. Okuda, K. 
Walz, J. J. Schauer and M. J. Kleeman, "Atmospheric impacts 
of black carbon emission reductions through the strategic use 
of biodiésel in California," Science of the Total Environment, 
vol. 538, pp. 412-422, 2015.  
[47]  A. Rojas-González, O. Chaparro-Anaya and C. A. Ospina, 
"Evaluación de mezclas de biodiésel-diésel en la generación de 
energía eléctrica," Revista Ingeniería y Universidad, vol. 15, 
no. 2, pp. 319-336, 2011.  
[48]  A. A. Flórez-Montoya and A. F. Rojas, "Efecto de la 
proporción de mezclas biodiésel/petrodiésel en el desempeño 
mecánico-ambiental de motores," Revista Ingeniería y 
Competitividad, vol. 11, no. 2, pp. 63-78, 2009.  
[49]  C. A. Alejos Altamirano, L. Yokoyama, J. L. Medeiros, O. de 
Queiroz and F. Araújo, "Ethylic or methylic route to soybean 
biodiésel? Tracking environmental answers through life cycle 
assessment," Applied Energy, vol. 184, pp. 1246-1263, 2016.  
[50]  M. D’Agosto, L. Franca , M. Lemos, A. Soares, M. Oliveira, C. 
Machada de Oliveira and L. da Costa Marques, "Comparative 
study of emissions from stationary engines using biodiésel 
made from soybean oil, palm oil and waste frying oil," 
Renewable and Sustainable Energy Reviews, vol. 70, pp. 1376-
1392, 2017.  
[51]  J. L. Ramírez, "Evaluación del uso de biodiésel obtenido a 
partir de aceite de cocina usado en un motor diésel," El Hombre 
y la Máquina,, vol. 40, pp. 102-110, 2012.  
[52]  A. Bueno, J. de Oliveira Pontes, C. Cavalcante, M. Bento and 
M. Luna, "Performance and emissions characteristics of castor 
oil biodiésel fuel blends," Applied Thermal Engineering, vol. 
125, pp. 559-566, 2017.  
[53]  N. Usta, E. Ozturk, E. S. Conkur, S. Nas, A. H. Con, A. C. Can 
and M. Topcu, "Combustion of biodiésel fuel produced from 
hazelnut soapstock/waste sunflower oil mixture in a Diesel 
engine," Energy conversion and management, vol. 46, no. 5, 
pp. 741-755, 2005.  
[54]  A. N. Ozsezen and M. Canakçi, "An investigation of the effect 
of methyl ester produced from waste frying oil on the 
performance and emissions of an IDI diesel engine," Journal of 
the Faculty of Engineering and Architecture of Gazi University, 
vol. 23, pp. 395-404, 2008.  
[55]  J. Song, J. Wang, A. L. Boehman, K. Cheenkachorn and J. 
Perez, "Effect of oxygenated fuel on combustion and emissions 
in a light-duty turbo diesel engine," Energy Fuel, vol. 16, no. 2, 
pp. 294-301, 2002.  
[56]  B. Li, Y. Li, F. Liu, H. Liu , Z. Wang and J. Wang, 
"Combustion and emission characteristics of diesel engine 
fueled with biodiésel/PODE blends," Applied Energy, vol. 206, 
pp. 425-431, 2017.  
 
